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ABSTRACT: The mmj or objective of this project was to develop mixture
proportions for controlled |lowstrength material (CLSM using clean coa
ash obtai ned from at nospheric fluidized bed conbustion (AFBC). A clean
coal ash is defined as the ash derived from SOt and NOx contr ol
technol ogi es. The specific ashes used for this project were: (1)
circulating fluidized bed boiler fly ash and bottom ash and (2) stoker-
type boiler fly ash and bottom ash. These two coal ash sanples were
characterized for physical and chenical properties. Chemical properties
and water |eaching tests were also perforned on the hardened CLSM  Many
initial CLSM ni xtures were devel oped by bl ending the two types of ash.

Tests conducted on the final three selected CLSM mi xtures included
conpressive strength, bleeding, setting and hardeni ng, settlenent,
| engt h change of hardened CLSM perneability, mneral ogy, and chenica
wat er | each testing. Results show that acceptable CLSM material can be
devel oped by bl ending the fluidized bed boiler ash with the stoker
boil er ash. Recomendations for a pilot scale manufacturing application
of the three CLSM m xtures were made based upon the |ab test results.

KEYWORDS: controlled lowstrength material (CLSM), nixture proportion
conpressive strength, perneability, shrinkage, |eachates,
flui di zed bed boiler, coal ash

The project objective was the devel opment of controlled | ow
strength material (CLSM, namely manufactured dirt, and nixtures using
cl ean coal ash obtained from AFBC boilers. A clean coal ash is defined
as ash derived from SO¢ and NO¢ control technologies. Two types of ash
material were used for this project: Ash A a stoker-type boiler fly ash
and bottom ash and Ash B, circulating fluidized bed boiler fly ash and
bottom ash. This paper sunmarizes results of the | aboratory research
activities for the project. No cement was used for CLSM ni xtures using
Ash B because of the cenentitious nature of the fluidized bed boiler
ash, and to nake better use of these by-products.
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CLEAN COAL AND CONVENTI ONAL ASH MATERI AL

Two different types of ash were used in this project: (1) Ash A a
conventional fly ash and bottom ash obtai ned from stoker type boilers
and (2) Ash B, a clean coal ash obtained from fluidized bed boilers.

Ash A was obtained fromthe conmbustion residues of three stoker-
type boilers. A Hazard/El khorn bl end of coal was used for these units.
Fly ash and bottom ash fromthese boiler units were conbined and stored
in a silo.

Ash B consi sted of ash produced froma 20-MNcircul ating fluidized
bed boiler. This fluidized bed boiler burns a coal blend consisting of
20% Sout hern Il linois bitum nous coal and 80% of petrol eum coke. Ash B
is classified as a clean coal ash. Calciumcarbonate in the form of
i mestone or dolomite (Basu and Fraser 1991, Podol ski 1984, Tung and
WIllians 1987, and Yerushalm 1986) was injected into the fluidized bed
boi |l er during conmbustion of the coal/coke conbination to act as a
sorbent for SO, em ssions. The |inestone breaks down to an oxide form
whi | e heated (Podol ski 1984):

CaCO; = CaO + CO

The cal ci um oxide then reacts with the SO, which is produced during coa
conbustion to form cal ci um sul fate:

CaO + SO, + 1/2 O, = CaSO

The advant ages of the fluidized bed boiler are a significant reduction
(85 to 98% (Tung and W lianms 1987, and Yerushal mi 1986) of SO

em ssions without the utilization of a wet scrubber systemtypically
used in flue gas desul furization (Podol ski 1984), and reduced NO

em ssi ons since coal conbustion tenperatures are |ower than those
typically found in a pulverized coal boiler (Tung and Wl lians 1987, and
Yerushal mi 1986). Ash B material consisted of the spent |inestone
materi al and bottom ash along with fly ash fromthe fluidized bed boiler
unit.

Characteri zati on of Ash Material s

Physical test results on each source of ash are shown in Table 1.
The tests results given in Table 1 are those typically required by ASTM
Speci fication for Coal Ash and Raw or Cal ci ned Natural Pozzolan for Use
as a Mneral Adnmixture in Concrete (C 618). Table 2 shows the results
of the sieve analysis of the ashes. Ash A material had | arger size
fractions (approximately 6% retained No. 4 sieve) and was nore uniformy
graded than Ash B. Seventy percent of Ash B material was between No. 50
and No. 200 sieve. Both Ash A and Ash B contain approxi mately 20%
material finer than No. 200 sieve.

El emental Analysis of Ash A and Ash B

The results of the el enental analysis of Ash A and Ash B sanpl es
are given in Table 3. These ashes were anal yzed using instrumental
neutron activation analysis. The neutron activation analysis nethod
exposes the sanple to neutrons which results in an activation of many
el enents. This activation consists of radiation of various el enents.
For the ashes used for this project, gamm ray eni ssions were detected.

Many different el enents may be detected simultaneously based on the
ganmea ray energies and half-Ilives.



TABLE 1—-Physical test results.

ASTM C 618
SPECI FI CATI ONS

Ret ai ned on No. 325 sieve, (% 66. 5 54.8 34 Max 34 Max
Strength Activity Index with
Cenent at 7 days, (% of
Control) 54. 4 49.2 75 Mn 75 Mn
Strength Activity Index with
Cenent at 28 days, (% of
Control) 57.5 53.5 75 Mn 75 Mn
Wat er Requirenent (% of
Control) 130 103 105 Max | 105 Max
Specific Gavity 2.00 2.58 - -
Variation from Mean, (%

Fi neness (R325) 3.5 1.3 5 Max 5 Max
Specific Gavity 2.0 2.7 5 Max 5 Max
TABLE 2—Si eve anal ysis of ashes.

Percent Passing ASTM C 33
] ] Speci fications
Sieve Size Ash A Ash B for Fine Aggregates

12.5 mm 97.8 - -

9.5 mm 97.0 - 100
4.75 mm (No. 4) 93.6 99.4 95- 100
2.36 mm (No. 8) 89.6 99.2 80- 100
1.18 mm (No. 16) 83.7 98. 6 50- 85
600 im (No. 30) 65. 9 95.1 25- 60
300 im (No. 50) 46. 3 91.9 10- 30
150 im (No. 100) 33.9 63.9 2-10
75 im (No. 200) 21.1 21.9 -




*

TABLE 3—El ermrent al

anal ysis of ashes.

ELEMENTAL (BULK CHEM CAL) ANALYSI S
(mg/ kg unl ess noted ot herwi se)

Ash Type
El enent
Ash A Ash B
Al um num (Al) 90472. 3 11708. 3
Ant i mony ( Sbh) 7.9 2.9
Arsenic (As) 306.0 113.7
Bari um ( Ba) 187.4 61.7
Beryl | i um ( Be) 3.7 19.0
Boron (B) 79.0 78.0
Cadmi um ( Cd) <1520. 5* <585. 6*
Cal ci um (Ca) 594. 6 40581.5
Chloride (d) 65.5 1781.0
Chrom um Total (Cr) 75.5 26.7
Cobal t (Co) 46. 4 7.0
Copper (Cu) 233.1 282.1
Fl uoride (F) 2.5 13.0
Iron (Fe) 22610.0 13525.0
Lead (Pb) 33.0 18.0
Magnesi um ( My) 6101. 8 2098. 2
Manganese ( Mn) 607. 8 1561. 8
Mer cury (Hg) 27.3 4.0
Mol ybdenum ( Mo) <66. 3* 125.7
Less than detection linit noted.




TABLE 3 (Cont.)—El emental analysis of ashes.

ELEMENTAL (BULK CHEM CAL) ANALYSI S
(mg/ kg unl ess noted ot herwi se)
Ash Type
El enent
Ash A Ash B
Ni ckel (Ni) 2097.0 54055. 0
Ni t rogen, Sol uble 1.8 1.7
NO, + NO;

Phosphorous (P) 340.0 200.0
Pot assi um ( K) 14385. 0 2894.5
Sel eni um ( Se) 673.0 223.3
Silicon (Si) 3900.0 9300.0
Silver (Ag) 18.5 3.3
Sodi um ( Na) 1166.5 4552.5
Strontium (Sr) 123.3 <11. 2*
Thal I'ium (Tl) 1.3 <0. 3*
Tin (Sn) 260.6 103. 4
Vanadi um (V) 200. 8 3086. 8
Zinc (Zn) 12.9 10.1

* Less than detection |limt noted.

The el emental conposition of the two types of ash differed
consi derably. Ash B contained higher quantities of beryllium calcium
chloride, flouride, nanganese, nolybdenum nickel, silicon, sodium and
vanadi um and | ower anounts of al um num arsenic, barium cadnium
chrom um cobalt, iron, |ead, nagnesium nercury, potassium selenium
strontium and silver. They contained conparabl e amounts of antinony,
boron, copper, nitrogen, phosphorus, thallium tin, and zinc.

The el emental analysis of ash is dependent on the type of coa
used, conbustion process, additives, and so forth. Although genera
el emental conposition is of interest, the elements that may |each are
of greater rel evance. Leachate results of the hardened CLSM are
di scussed later in this paper

Ash A and Ash B - Oxides, Sulfite, Loss of Ignition, and M neral ol ogy

A summary of the oxides, sulfite, and loss on ignition (LO)
analysis is given in Table 4. Ash A had a very high LO, approxi mately
25% by weight. Ash B also had a high (15% LO . Although the high LO
ashes woul d not be suitable for use in structural concrete, the high LO
should not affect its application to CLSM since air-entraining
adnmi xtures are generally not required to be used for manufacturing CLSM



TABLE 4—Anal ysis for oxides, sulfite, and loss on ignition.

ASTM C 618
Requi renment s
Anal ysi s Paranet er Ash A % Ash B, % Class C Cass F
Silicon Dioxide, SO 41.1 6.3 -- --
Al um num Oxi de, Al ,O; 23.5 3.0 -- --
Iron Oxide, FeyO; 3.4 1.7 -- --
Si G, +Al ,0; +Fe, 03 68. 1 11.1 50.0 M n 70 M n
Cal ci um Oxi de, CaO 1.2 37.2 -- --
Magnesi um Oxi de, MO 0.6 0.8 -- --
Titanium Oxide, Ti O 1.3 0.0 -- --
Pot assi um Oxi de, K5O 1.3 0.2 -- --
Sodi um Oxi de, Na,O 0.3 0.6 -- --
Sulfite, SO 0.7 32.3 5.0 Max 5.0 Max
Loss on Ignition, LO 24.8 15.0 6.0 Max 6.0 Max
Moi sture, % 0.6 0.4 3.0 Max 3.0 Max

Water requirenent for the ash with high LO generally is higher, but
again, this should not inpact its use for CLSM The very high val ue of
LA of these ashes may be due to inconplete conbustion or |ow
temperature conbustion characteristics of a typical lowmx boiler. A
vi sual examination of Ash A material revealed that there were pieces of
i nconpl etely burned coal which were partially covered with slag. This
is not unusual for the bottom ash material of stoker boilers.

M ner al ol ogy of the Ash A and Ash B are shown in Table 5. The
m ner al ogi cal conposition of the two ashes are different. This is to be
expected since two different types of boilers (fluidized bed and stoker)
produced these ashes. Ash B also contained a significant anpbunt (42%
of anhydrite CaSQ,. This is not a mineral typically found from
pul veri zed coal ash boilers. Ash B anhydrite CaSO, is due to the use of
i mestone as a sorbent for controlling SO« em ssions in the fluidized
bed boiler. Ash B also contained calcite, 13.2% portlandite, 1.5 %
and quartz, 2.1% The free line (CaO content was only 2.3% Oxide
analysis (Table 4) indicates a total lime (CaO of 37% The total line
content indicates the total calcium (Ca*) ions and oxide (O) ions
present. The conbination of Ca* and O can occur in nminerals other than
free lime such as anhydrite, calcite, and portlandite. Free |line
i ndicates the quantity of linme in a conmpound form al one, wi thout other
el ements. Sone of these minerals may not be sufficiently cenentitious.

Ash A contained quartz, 4.5% nmullite, 24.1% and the remsining
amount s as anorphous (gl ass phases) materials of 71.5% The
m neral ogi cal conposition of Ash A indicates that this ash may not have
sufficiently independent cenentitious properties.



TABLE 5——M ner al ogy of ashes.

M NERALOLOGY, % by Wi ght
Anal ysi s Paraneter Ash A Ash B
Quartz, SiO 4.5 2.1
Mul lite, Al,SIi G 24.1 *
Gypsum CaSOy 2H,0 * *
Anhydrite, CaSO, * 42. 1
Bassanite, CaSQ,- O 5H,0 * *
Ettringite,
CaAl , (SO, Si Oy, CO)
(OH) 12- 26H,0 * *
Calcite, CaCGO; * 13.2
Portlandite, Ca(OH), * 1.5
Li me, CaO * 2.3
Anor phous 71.5 38.7

* Not detected.
CLSM M XTURES

Al t hough CLSM may have strengths as high as 8.3 MPa at the 28-day
age, a CLSM m xture that is considered to be excavatable at a | ater age
usi ng hand tools should have a conpressive strength [ower than 0.7 MPa
at the 28-day age (Anerican Concrete Institute 1994, Anerican Coal Ash
Associ ation 1995, Canadi an Portland Cement Association 1990, Kraus and
Nai k 1996, Nai k and Ranme 1990, 1994, Naik et al. 1991, and Ranme et al.
1995). Mechani cal equi prent such as a backhoe is required for
excavation at a later age for a mxture with conpressive strengths
hi gher than 0.7 MPa up to as high as 1.4 MPa. A mixture with
conpressive strength higher than 1.4 MPa may require jackhanmers for
excavation at a later age or may be chipped | oose with a backhoe bucket.

Based upon the test results of a prelimnary test phase (Kraus and
Nai k 1996), three m xtures were selected for further devel opnent and
testing. They are:

(1) 100% Ash B, Mx 1 and 2,
(2) 50% Ash B + 50% Ash A, Mx 3 and 4, and
(3) 25% Ash B + 75% Ash A, Mx 5 and 6.

An exot herm c reaction takes place when water is added to ash
produced by the fluidized bed boiler. Free calcium oxide and cal ci um
sul fite/sul fate produce the exothernmic reaction (Basu and Fraser 1991):

CaO + HbLO =& Ca(OH), + 15.6 kCal/g nol
CasSQ, + 2 H,O = CaSO, :2H,0 + 4.22 kCal/g nol

This exothermic reaction was particularly evident in the 100% Ash B
m xtures.



Bench scale mixtures of approximately 0.13 n? were m xed for each
of these test mxtures. M xture proportions and rheol ogical properties
for these six mxtures are given in Table 6. The reported nixture
proportions were adjusted based upon the actual yield of the test batch

Density of the CLSM decreased as the amount of Ash A was increased in
the mxture. Water required was approximately the sane for al

m xtures. Flow spread was nmeasured in accordance with ASTM Provi si ona
Test Method for Flow Consistency of Controlled Low Strength Material (PS
28). The water-to-cenentitious materials ratio for bench scale mxtures
was 0.56 + 0.08.

Conpressive Strength of CLSM M xtures

Conpressive strength test results for the CLSM are shown in Table
7. Three 150- by 300-mm cylinders were tested in accordance with ASTM
Test Method for Preparation and Testing of Soil-Cement Slurry Test
Cylinders (D 4832) at each test age. The 28-day conpressive strength
test results range fromO0.7 to 4.5 MPa. The m xtures containing 75% Ash
A (Mxes 5 and 6) had the | owest conpressive strength of 0.7 MPa, and
the 100% Ash B mi xture (Mxes 1 and 2) had the highest values at 3.3 and
4.5 MPa. A range of values for conpressive strength at the 28-day age
of the CLSM m xture should be one of the considerations when specifying
it for a given application if excavation is required. The CLSM mi xture
with the 28-day conpressive strength of 0.7 MPa is considered to be
easily excavated at the later day age. Excavation of a mxture of 4.5
MPa woul d involve a significantly higher cost.

Setting and Hardening of CLSM M xtures

Setting and hardeni ng characteristics neasurenents of the CLSM
m xtures are reported in Table 8. The val ues reported are the average
of three nmeasurenments taken fromthree 150- by 300-mm cylinders for each
m xture. To evaluate their setting and hardeni ng characteristics, the
test specinmens were left in the nolds and not covered for the entire 14-
day neasurenent period.

Setting characteristics of the CLSM mi xtures were neasured by
applying a 4.5-kg force on a 50-mm | ong seven penny nail and then
measuring the depth of the nail penetration. The CLSM m xtures
general ly hardened slowy as the quantity of Ash A increased. These
nail penetration nmeasurements were taken fromthe test cylinders where
t he bl eedwater was not renoved periodically. Therefore, these setting
times are considered a worst case for the CLSM mixtures for field use
because the bleedwater will generally drain off to the surroundi ng soi
froma CLSM m xture placed at a project site.

Bl eedwat er measurenents were negligible for the mixture containing
100% Ash B, M x 2. The maxi num anmount of bl eedwater was for the
m xtures with 75% Ash A + 25% Ash B, M xtures 5 and 6, which had a 20-nmm
depth of bl eedwater on the top of the 150-mm high cylinder nold at the
age of 1 h.

Settl ement values, reported in Table 8, are the nmeasurenment to the
"solids" portion of the CLSM mixture with respect to a datum (that is,
top of the cylinder nmold) taken as the original height of the cylinder

These settlement values are not indications of how the material may
behave when a load is applied. Positive settlenment (or an increase in
the settlement) measurements of the CLSMindicate that the CLSM nateria
actual |y expanded when hardening. The CLSM ni xtures contai ning 100% Ash
B (Mxes 1 and 2) exhibited expansion



TABLE 6—M xture proportions and fresh CLSMtest

results for

bench scal e m xtures.

M xt ure No. 1 2 3 4 5 6
Ash A, Content (% 0 0 50 50 75 75
Ash B, Content (% 100 100 50 50 25 25

Ash A (kg/ n?) 0 0 485 485 670 665
Ash B (kg/ n?) 1150 1177 485 485 220 220
Cenent (kg/ n?) 0 0 0 0 0 0
wat er (kg/ n?) 555 570 550 550 560 555
Wat er -t o- 0.48 0.48 0.57 0.57 0. 63 0. 63
Cenmentitious
Materials Ratio
Fl ow Spread (nm 230 355 230 280 245 255
Slurry Tenp. (°C) 32 36 31 30 26 29
Air Tenp. (°C 22 24 19 24 24 24
Air Content (% 1.6 1.5 3.0 3.4 3.9 4.9
Slurry Density 1710 1750 1520 1530 1450 1430
(kg/ nt)
Test M xture 0.13 0. 05 0.13 0. 05 0.13 0.13
Yi el d( n?)
TABLE 7—Conpressive strength test results - bench scale CLSM ni xt ures.
M xture No. 1 2 3 4 5 6
Ash A Cont ent 0 0 50 50 75 75
(%
Ash B Cont ent 100 100 50 50 25 25
(%
Cenent Cont ent 0 0 0 0 0 0
(%
Test Age (days) Conpressive Strength (MPa)
3 1.7 - 1.1* - - -
7 2.1 1.2 1.7 0.3 0.3 0.2
14 2.6 - - - 0.6 0.3
28 3.3 4.5 2.2 2.6 - 0.7

* Test at five

day age.




TABLE 8—-Setting and hardening characteristics - CLSM mi xtures.

50- mm Nai | Bl eedwat er, Settl enent,
Ash M xture Test Age penetration, mMmm nm n
1- Hour 50 0 0
1- Day 5 0 +3
Mx 2 3- Day 2 0 45
(100% Ash B) 5- Day 0 0 45
7- Day 0 0 +3
14- Day 0 0 +3
1- Hour 50 16 -16
Mx 4 1- Day 50 8 -16
(50% Ash A 3- Day 24 3 -0.5
50%;sh B 5- Day 10 0 -14
7- Day 5 0 -13
14- Day 2 0 -13
1- Hour 50 20 -20
Mx 5 & 6 1- Day 50 14 -13
(75% Ash A 3- Day 24 10 -16
25%;% B 5- Day 10 6 -16
7- Day 5 3 -14
14- Day 3 0 -14

* Settlement values of the CLSM are taken froma datum | evel at
the original cast height of the CLSM

Pernmeability of Hardened CLSM M xtures

Permeability of the CLSM mi xtures was nmeasured at the age of
approxi mately 30 days. Results are reported in Table 9. Three 100- by
100-mm cyl i nders were cast fromeach mxture for perneability
nmeasurenments. At the age of seven days, the test speci nens were

imersed in 23°+t 2°C linme-saturated water until the tinme of testing. A
falling head paraneter was utilized for these tests per ASTM Test Met hod
for Measurenent of Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeaneter (D 5084). Typically, perneability of
the CLSMincreased as the amount of Ash A increased in the mxture, 1.3
x 10°% cm's for the 100% Ash B (Mx 1), to 3.1 x 10°% cm's for the 75%
Ash A + 25% Ash B (M x 6). These values are consistent with 100 x 10°°
to 10 x 10°% cm's for a conpacted granul ar backfill and 0.1 x 10°® cnf's
or less for conpacted clays. Differences in perneability between M xes
3 and 4 can be attributed to the small quantity of CLSMutilized for the
test (0.0008 nf). Perneability of the m xtures is not expected to

i ncrease at | ater ages.



TABLE 9—Perneability of CLSM ni xtures.

Ash B _ Perneability,
M xture Ash A Cont ent Speci nmen Test Age, X 10°% cmi's
No. Content, % % ’ No. days
Act ual Aver age
1 31 1.0
1 0 100 2 31 2.1 1.3
3 31 0.9
1 40 3.4
3 50 50 2 - - 3.5
3 40 3.7
4 50 50 1 28 2.1 2.1
1 35 3.2
6 75 25 2 35 3.1 3.1
3 35 3.0

Oxi des, SO; and Loss on Ignition of Hardened CLSM M xt ures

The hardened CLSM material was al so anal yzed for oxides, sulfite, |oss
on ignition, and noisture content. The results of the analysis, Table
10, show that the conposition of the hardened CLSM material varies with
the ash conposition of the CLSM A conparison with the oxi de analysis
of the ash material (Table 4) shows that the approxi mate oxide
conposition of the hardened CLSM material could be obtained by
appropriately blending the two ash types. These test data are | ogical
because the CLSMis produced by m xing the Ash A and Ash B materials
with water wi thout any other ingredients.

M ner al ol ogy of the Hardened CLSM

M neral ogy of the hardened CLSM material is presented in Table 11.

M neral formation of the CLSM mi xtures are very different conpared to
the mnerals of the ash used. The CLSM using 100% Ash B (Mx 1) is
primarily conmposed of gypsum (~60% , anorphous gl ass phases (36%, and
ettringite (5. The CLSM m xture of 25% Ash B and 75% Ash A (M x 5)
has a much different conposition with nearly 70% of the materi al
anmor phous, about 15% mullite, and 10% bassanite. Wth a high percentage
of the 100% Ash B CLSM (M x 1) being gypsum (Table 11), there may be
potential for the Ash B material for uses other than CLSM where gypsum
i s desired.

Leachate Results of Hardened CLSM

The | eachate results of the three m xtures tested are given in
Tabl e 12. The three mxtures are: 100% Ash B, Mx 1; 50% Ash A + 50%
Ash B, Mx 3; and 25% Ash B + 75% Ash A, Mx 5. The |eachate paraneters
shown are the el enents which the Wsconsin Departnment of Natural
Resources have identified in their interimguidelines for waste reuse in
CLSM Leachate results for pH, sulfate, total alkalinity, and total
di ssol ved solids were relatively high, but the results are consistent
with | eachate fromother circulating fluidized bed boiler ashes (Basu
and Fraser 1991).



TABLE 10-——Hardened CLSM mi xtures - analysis for oxides, sulfite,
and | oss on ignition.
CLSM M x 3, CLSM M x 5,
Anal ysi s CLSM M x 1, 50% Ash B + 50% Ash 25% Ash B +
Par amet er 100% Ash B, % A % 75% Ash A, %
Si licon Dioxide,
Si O, 8.5 17.1 26.0
Al umi num Oxi de,
Al ,0; 4.5 10.0 15.5
Iron Oxide, Fey0; 1.8 2.4 2.8
Cal ci um Oxi de,
CaO 30.4 19.7 12.0
Magnesi um Oxi de,
MyO 0.7 0.7 0.6
Ti t ani um Oxi de,
Ti O 0.1 0.4 0.7
Pot assi um Oxi de,
K.O 0.2 0.5 0.8
Sodi um Oxi de, Na,O 0.4 0.5 0.5
Sulfite, SO 25.3 17.7 11.4
Loss on lgnition,
LO 25.6 27.9 30.4
Mbi sture, % 28.5 1.5 31.6
TABLE 11-—M neral ogy of CLSM m xtures.
M NERALOLOGY, % by Wei ght
CLSM M x 3, CLSM M x 5,
CLSM M x 1, 50% Ash B + 50% 25% Ash B + 75%
Anal ysi s Paranet er 100% Ash B Ash A Ash A
Quartz, SIiO 0.5 1.7 2.9
Millite, Al ,SIQ -- 6.5 14. 7
Gypsum CaSGO, 2H,0 58.9 16.9 --
Anhydrite, CaSO, -- 6.5 0.5
Bassanite,
CaSQO,- O 5H,0 -- 6.2 9.4
Ettringite,
CaAl, (SO, Si Oy, COy)
(OH) 12- 26H,0 5.0 -- --
Calcite, CaCO -- 7.8 53
Portlandite, Ca(OH), -- 1.6 --
Li me, CaO -- -- --
Anor phous 35.5 52.7 67.2




TABLE 12—-Leachate anal ysis of hardened CLSM m xtures.

LEACHATE RESULTS, ng/l unless noted otherw se
CLSM Ash M xture
Mx 3 Mx 5
Mx 1, 50% Ash A + 50% | 25% Ash B + 75%

Leachat e Paraneter 100% Ash B Ash B Ash A
Total Alkalinity 2300 1600 66
Al um num (Al) 0.024 0. 026 0. 110
Ant i mony ( Sbh) <0. 004* <0. 004* <0. 004*
Arsenic (As) <0. 005* <0. 005* <0. 005*
Bari um ( Ba) 0. 190 0. 130 0. 110
Beryl | i um ( Be) <0. 001* <0. 001* <0. 001*
Boron (B) <0. 004* <0. 004* <0. 004*
Cadmi um ( Cd) <0. 0001* <0. 0001* <0. 0001*
Cal ci um (Ca) 1600 1100 640
Chloride (d) 34 37 20
Chrom um Tot al 0. 0021 0. 0016 0. 0027
(Cr)
Cobal t (Co) <0. 008* <0. 008* 0. 008

Conductivity

11000 unhos/cm

7900 umhos/cm

2600 umhos/cm

Copper (Cu) <0. 002* <0. 002* <0. 002*
Fl uoride (F) 0.92 0.61 <0. 25*
Total Hardness 4100 2700 1600

Iron (Fe) <0. 006* <0. 006* <0. 006*
Lead (Pb) <0. 005* 0. 006 <0. 005*
Magnesi um ( My) <0. 02* <0. 02* 0.32

Manganese ( Mn) <0. 002* <0. 002* <0. 002*
Mer cury (Hg) <0. 0002* <0. 0002* <0. 0002*

*

Less than detection limt.




TABLE 12(Cont.)——Leachate anal ysis of hardened CLSM

LEACHATE RESULTS, ng/l unless noted otherw se
CLSM Ash M xture
M x 3, Mx 5
Mx 1, 50% Ash A + 50% | 25% Ash B + 75%

Leachat e Paraneter 100% Ash B Ash B Ash A
Mol ybdenum ( M) 0. 650 0.610 0. 380
Ni ckel (Ni) <0. 008* <0. 008* <0. 008*
Nitrite & Nitrate 1.9 4.5 0.5
pH 12.60 S. U. 10.36 S. U. 10.74 S. U.
Phosphorous (P) <0. 1* <0. 1* <0. 1*
Pot assi um ( K) 16 35 40
Sel eni um ( Se) <0. 0008* <0. 0008* <0. 0008*
Silicon (Si) 0. 16 0. 30 9.4
Silver (Ag) <0. 0004* <0. 0004* <0. 0004*
Sodi um ( Na) 36 49 33
Strontium (Sr) 0. 910 1. 500 2.100
Sul fate (SO 1600 1300 1600
Thal I'ium (Tl) <0. 001* <0. 001* <0. 001*
Tin (Sn) <0. 40* <0. 040* <0. 040*
Total Dissol ved 4200 3400 2600
Sol i ds
TOC 2 2 2
TOX 0. 052 0. 180 0. 089
Vanadi um (V) 0.076 0. 110 2.9
Zinc (Zn) 0. 0073 0.012 0. 0038

* Less than detection limt.

SUMVARY OF M XTURE TEST RESULTS

The following is a sumary of these results.

Three bench scale mixtures were selected for detailed testing
based upon prelimnary tests (Kraus and Nai k 1996) for this project.

None of the nmixtures used cenent.

The three mixtures devel oped are:




(1) 100% Ash B, Mx 1,
(2) 50% Ash B and 50% Ash A, Mx 3, and
(3) 75% Ash A and 25% Ash B, Mx 5 or 6.

Density of the fresh CLSMincreased as the anount of Ash B increased.

Conpressive strength of the CLSM mi xtures range fromO0.7 MPa for
the 25% Ash B + 75% Ash A mixture to 4.5 MPa for the 100% Ash B mi xture.
If the CLSMis expected to be excavated in the future, a |l ower strength
CLSM at the 28-day should be used to mininize cost of excavating a m x
with a conpressive strength above 0.7 MPa at the 28-day age. Ash B,
when m xed with water, was found to be expansive. This expansion was
readi |y apparent for the 100% Ash B CLSM m xture. The expansive
properties of the CLSM nmay be desirable in certain applications, for
exanpl e, filling abandoned tunnels or tanks in which assurance of
conplete and tight fill would be desirable.

Permeability of the CLSM was | ow, approximately 10 to 100 tines
| ower than that of conpacted sand. The |ength change val ues after 7-day
age show sonme expansion but not to the extent of the material at ages at
| ess than 7 day (as nmeasured by settlement values of the cylinders in
t heir nolds).

Oxi de anal ysis of the hardened CLSM i ndi cates that the oxide
conposition of the material is approximately the sane as what woul d be
obt ai ned by bl ending the ashes. Mnerals present in the CLSM materials
are different than the original mnerals depending upon the ash type as
a result of amorphous glass materials in the ashes. The CLSM cont ai ni ng
100% Ash B contai ned nearly 60% gypsum while nearly 70% of the materi al
for the 25% Ash B + 75% Ash A ni xture was anorphous (gl ass phase).

PROPOSED USAGE OF CLSM

M xtures devel oped for this project could have distinctly
di fferent applications because of the variation in conpressive strength.
Al so, as a result of the expansive nature of the 100% Ash B m xture,
applications of this material should be judiciously evaluated to take
into account for this characteristic. Expansion of the CLSM woul d be
desirable for applications in which conplete fill nust be ensured such
as tanks or abandoned tunnels. The 100% Ash B mi xture should only be
used where excavation would not be expected (because of high
conpressive strength of the mixture of 4.5 MPa at 28-day age).

If the potential for leaching is desired to be m ninized,
applications of the CLSMused in this study may be capped with concrete
or asphalt or the CLSM may be used in a confined area.

Typi cal usage of this CLSM material will be for roadway sub-bases;
backfilling of utility trenches; excavation for walls and buil di ngs;
filling abandoned sewer and tunnels; support for foundations; in

addition to others.
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